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ABSTRACT OF THE DISCLOSURE 

This disclosure relates to junction devices and to means 
for correcting defects in them. More particularly, this 
disclosure relates to a method for selectively etching out 
defects in a junction near the surface of a semiconductor. 

The method disclosed includes the coating of an outer 
surface, adjacent to the junction of a semiconductor, with 
a layer of positive, photosensitive material. This material 
is selectively exposed, over the area adjacent to a defec 
tive point, by applying a reverse-bias current through the 
junction of the semiconductor. This causes avalanching 
and the release of photons at any defective points or 
defects in the junction. The photons expose the photo~ 
sensitive material adjacent to any such defective points in 
the junction. The exposed material is developed, cleared 
from the surface at ‘such points, and the defective points 
are removed by etching. 
More particularly this invention relates to a method 

for selectively etching out defects in a junction near the 
surface of a semiconductor. 
The manufacture of a semiconductor junction is very 

critical and even with the best of techniques available 
today it is almost impossible to completely avoid or 
eliminate defects and discontinuities in the junction area. 

These defects may be large enough to show up in the 
inspection stages of manufacture and may indicate that 
the semiconductor should be rejected. This is not a 
serious matter for one of the small, inexpensive, mass 
produced units but it is a signi?cant factor in the more 
expensive, custom made units or in some of the more 
complicated, special purpose units; particularly the ones 
having a plurality of junction surfaces. It is obviously 
undesirable to reject a highly-complicated unit where only 
one of its surfaces has a defect. 
The defects may be so slight that the semiconductor 

will pass inspection. If the leakage current is within the 
tolerances of the semiconductor, it will appear as an 
acceptable device. It might even function correctly, but, 
unfortunately, defects are not static faults and they may 
not remain negligible in operation. Defects cause an in 
creasing degradation of leakage current and lead to an 
early failure of the device, even under normal operating 
conditions. It is also probable that defects will cause the 
semiconductor to fail more quickly under routine over 
load conditions. Such premature failure of a semi— 
conductor is never desirable and it is most undesirable 
in many of the highly critical and complicated machines 
that depend on semiconductors today. 

It is therefore an object of this invention to eliminate 
the defects in a faulty junction near the surface of a 
semiconductor. 

It is a further object of this invention to provide a 
method for locating and eliminating certain defects in a 
junction near the ‘surface of a semiconductor that appears 
to be satisfactory otherwise. 

It is a further object of this invention to provide a 
method for repairing junction devices that have excessive 
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leakage current at a defective point in a junction near 
the surface of the device. 

These and other objects of this invention are accom 
plished by coating an outer surface, adjacent to the junc 
tion of a semiconductor, with a layer of photosensitive 
material; applying a reverse-bias~current through the 
junction of the semiconductor to cause avalanching that 
releases photons to expose the photosensitive layer at a 
defective point; developing the photosensitive layer to 
remove the coating over such a defective point; etching 
the surface of the semiconductor to remove such a defect 
under the exposed portion of the coating; and removing 
the residual coating of photosensitive material of the 
repaired semiconductor. 

This method will be better understood and other objects 
of this invention will be apparent from the following 
speci?cation and the drawings of which FIG. 1 lists the 
sequence of steps of this method and FIGS. 2-7 show 
cross sections of a typical sample of a semi conductor 
junction at the various stages of treatment. 

Referring now particularly to FIG. 1, the steps of this 
method are listed in order as they are applied to the 
semiconductor whose sectional view appears in the 
FIGS. 2-7. 

In FIG. 2, a sample of a planar, diffused or epitaxial 
junction of a silicon semiconductor is shown in cross 
section. In this cross section a layer or substrate 10 is 
shown with a diffusion layer 12 produced by well-known 
techniques of impurity diffusion or epitaxial growth. Such 
a layer may have a discontinuity, or fault, or defect 14, 
which may not be visible or even detectable by routine 
electrical tests. 
The semiconductor device has conductors 11 and 13, 

electrically connected to the layers .10 and 12 for connect 
ing the junction between the layers into suitable circuitry. 
The conductor 11 connects to the substrate 10 and the 
conductor 13 connects to the diffusion layer 12. 
The ?rst step is applying a layer or coating of photo 

sensitive material to the surface, of the semiconductor 
of FIG. 2, nearest to' the junction between the layer of 
substrate and the diffusion layer. In the type of semicon 
ductor shown here, this material will normally be coated 
directly on the diffusion layer 12. 

FIG. 3 shows the section of the sample of semi 
conductor of FIG. 2. with the coating or layer 16 of 
photosensitive material. 
The next step is passing the reverse-bias-current through 

the junction. This is achieved by connecting a source of 
voltage to the terminals 11 and 13 and allowing current 
to flow until the photon emission at any defect is 
sufficient to expose the photosensitive layer 16 adjacent 
to the defect. 
FIG. 4 shows the connection of a battery 20 to the 

terminals 11 and 13 of the semiconductor. This battery 
20 is connected to provide a reverse current though the 
junction of the semiconductor; that is, with its negative 
side connected to the p region and its positive side con 
nected to the 11 region of the semiconductor to force 
current through the junction in the direction opposite 
to that of the more-highly-conductive condition of the 
forward direction. 

If there were no defects, the current would ?ow evenly 
through the junction and there would be no adverse re~ 
action within the normal ratings and operating range of 
the device. However, the existence of the type of defect 
that will affect the electrical characteristics of the semi 
conductor inherently provides a lower resistance path at 
the point of the defect. In other words, a relatively large 
amount of the reverse current is drawn to the point of 
the defect. When the reverse current exceeds the amount 
tolerable for the junction at that point it causes avalanch 
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ing, which produces heat and light in the form of phonon 
and photon emission at the avalanching point. This 
exposes the photosensitive layer 16 directly above the 
point of the defect. The exposed part of the photosensitive 
layer 16 is indicated by the changed direction of the 
hatching above the defect 14. 
The next step is developing the photosensitive layer in 

a well known manner to clear off the portion of the 
photosensitive layer that is chemically changed by the 
photon exposure. 

FIG. 5 shows the cross section of the device after 
development of the photosensitive layer. The portion of 
the photosensitive layer above the defective point is re 
moved from the surface of the semiconductor, leaving 
the surface above the junction exposed at that point. 
The next step is etching the coated semiconductor to 

eat away these portions of the surface of the semiconduc 
tor not protected by the layer of unexposed, photosensitive 
material. 

FIG. 6 shows the cross section of the device after etch 
ing out the portion 15 of the layer 12 that contained 
the defect 14. The depth of the etch can be controlled 
in a well-known manner. Here the etching is made to 
penetrate through the diffusion layer 12 far enough into 
the substrate 10 to completely remove the portion of the 
junction layer in which the fault 14 existed. 
The last step is removing the residual layer of photo 

resistive material 16 by well-known means to make the 
semiconductor ready for its last stages of manufacture. 

FIG. 7 shows the cross section of the junction free 
‘of defects that could have adversely affected its electrical 
characteristics. 
The sample illustrated in cross section in the FIGS. 2-7 

shows a relative small section of a single junction. How 
ever, it is obvious that the size of the junction can be ‘ 
comparatively larger, or even smaller, and that it may 
extend in any direction. 

It should also be noted that the layers illustrated in 
FIGS. 2-7 are all greatly enlarged, and not necessarily 
to scale. The layers 10 and 12 need only be thick enough 
to provide uniform electrical contact along both sides 
of the junction. In practice the substrate 10 will be in 
the order of 3—10 mils thick. The layer 16 need only be 
thick enough to resist the etching solution where the 
photosensitive coating has not been exposed. 

Only one active junction is shown with its conductors 
11 and 13. It should be apparent that other junctions 
or combinations of junctions, physically or electrically 
associated with the same substrate, may also be treated 
in the same manner. In the case of multiple junctions it 
would probably be necessary to separately connect the 
conductors from each junction to a source or sources of 
voltage to provide the reverse current, in each of the 
junctions, necessary to cause avalanching at any point of 
defect. 
As a matter of fact, the elimination of defects would 

be most valuable in the multiple-junction devices since 
the compound units are very much more expensive to 
make. It would represent a considerable loss if an entire 
unit had to be scrapped because of a minute defect in 
only one of a great number of otherwise perfect junctions. 
Only one, hypothetical defect is shown in the draw 

ings. This illustrates the effect of the steps of this method 
on such a defect. It is, of course, obvious that defects 
may be, relatively, larger or smaller and that there may 
be any number of defects in a given surface. Similar 
defects will be corrected simultaneously. 

In the case of major and minor defects, where it is 
necessary to eliminate even relatively minor defects, the 
same process could be repeated a second time, or more 
if necessary. This would be advisable where a major 
defect might avalanche ?rst, or at a lower reverse bias, 
and draw the majority of the reverse-bias current. This 
would expose the photosensitive ?lm at the major defect, 
but the amount of leakage current drawn to a relatively 
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minor defect might not be enough to cause exposure of 
the photosensitive layer. In this case, the elimination of 
major defects during the ?rst treatment would permit the 
avalanching of the leakage current through the lesser 
defects during subsequent treatments with reverse-bias 
current. 

This method utilizes the photon emission caused by 
the avalanching of electrons at a defective point in a 
junction. The photons must reach the photosensitive coat 
ing that can only be applied to the actual surface of the 
semiconductor. The etching, too, can only be accom 
plished from the actual surface of the semiconductor. 
This method, therefore applies mainly to junctions, or _ 
junction defects, at the surface or very close to the 
surface of a semiconductor. 
On the other hand, we are dealing with subminiature 

or microminiature devices with the junctions or junction 
layers of microscopic thickness, and we are dealing with 
semiconductor materials that are effectively translucent 
in layers of this order of thickness. This method will ?nd 
and remove defects that are substantially below the 
physical surface of the semiconductor. 
By a defect, here, we mean the type of discontinuity 

in a junction that would cause breakdown or avalanching 
of that portion of the junction at a voltage substantially 
less than the rated breakdown voltage of the semicon 
ductor. The entire junction will also break down and 
avalanche at a given voltage——and this is a necessary 
feature of its characteristics-but the presence of a defect 
that causes premature voltage breakdown, or limits the 
avalanching to a small portion of the surface, will change 
the characteristics of a semiconductor and provide erratic 
performance. This obviously is undesirable. 
The foregoing speci?cation applies, generally, to a 

specie of silicon semiconductor. It is obvious, however, 
that many other con?gurations and types of semicon 
ductors that have analogous defects, susceptible to a 
treatment of this kind, would be applicable here. 
The actual materials for coating, developing, etching, 

and cleaning that are used in this method are well-known 
and are described, for example, in Volume III of “Inte— 
grated Silicon Device Technology,” published in 1964 by 
the Research Triangle Institute of Durham, N.C. 

Since this concept is predicated on the radiation from 
a current through a defect making the sensitive layer 
removable above the defect, the sensitive material must 
be of the type that will react in this manner. A typical 
example is the positive “Photosensitive Resist” manufac 
tured by Shipley Company. This is described in the 
above-mentioned publication along with the chemicals 
and developing procedures that will be suitable for this 
invention. This photoresist is a Cellosolve acetate, solvent 
based resin, commercially identi?ed as AZ1350. 
The etching solution must be suitable for the type of 

semiconductor. For the diffused-junction, silicon semi_ 
conductor illustrated here a solution of hydro?uoric, ni 
tric, and acetic acids should be used. 
The voltage to be used as reverse bias will normally 

be less than the breakdown voltage of the semiconductor 
being treated. The reverse-bias current must be main 
tained until there is adequate exposure of the photo 
sensitive layer. The time might be in the order of an 
hour, but larger defects, near the surface, might take 
less time, and minor defects, deeply positioned, might 
take much longer. 
While the well-known, photosensitive materials and 

techniques are used in this method, heat-sensitive mate~ 
rials would also be applicable as long as they are resist 
ant to the etching solutions and can be applied to the 
surface, exposed and developed, and cleaned from the 
surface. Heat-sensitive materials would have an added 
advantage since heat would be much more penetrating 
than light and could respond to defects too deep for 
effective transmission of photons. 
The etching away of a portion of the junction of a 
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semiconductor may cure a defect and make a device 
usable that otherwise would not be usable but it does 
not, otherwise, improve the electrical characteristics of a 
transistor. The etching necessarily reduces the usable 
area of a junction and if there were too may defects it 
could reduce the area below a usable amount. The actual 
etching, while it changes the physical characteristics of 
the junction, does not harm the electrical characteristics 
beyond this proportionate reduction of usable area. 
The exposed section of junction should be protected 

from further contamination, along With the ?nished 
semiconductor, presumably by the normal encapsulating 
method, as soon as the defects are eliminated. 
What is claimed is: 
1. A method for removing defects in a semiconductor 

junction comprising the steps: 
applying a photosensitive layer to the surface of said 

semiconductor nearest to said junction; electromo 
tively forcing a reverse-bias current through said 
junction to cause sustained avalanching and photon 
emission at any defective points in said junction for 
a time long enough to affect a portion of said photo 
sensitive layer adjacent to any of said defective 
points in said junction; developing said photosensi 
tive layer to remove any of said portions exposed by 
said photon emission; etching said surface of said 
semiconductor to remove said defective points in 
said junction; and removing the residual unexposed 
portion of said photosensitive layer. 
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2. A method for removing defects in the junction of a 

planar, diffused-junction semiconductor, having electrical 
connections to the opposite sides of said junction com 
prising the steps: 

applying a layer of positive, photosensitive resist to the 
outer surface of the junction layer of said semicon 
ductor; connecting a source of voltage to said elec 
trical connections in a reverse polarity, at a voltage 
less than the reverse-bias breakdown voltage of said 
junction, for a length of time suf?cient to expose a 
portion of said photosensitive resist on said surface 
adjacent to any defective points in said junction that 
are avalanching at said voltage; developing said 
layer of positive, photosensitive resist to remove any 
of said exposed portions of said resist; etching said 
surface of said semiconductor deeply enough to 
completely remove said defective points in said junc 
tion; and removing the unexposed portion of said 
photosensitive resist from the surface of said semi 
conductor. 
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